Twelve patients with granulomatous uveitis were followed up longitudinally for as long as 20 months after their initial visit, and multiple serum antibody titres to bovine retinal S-antigen were determined and compared with the clinical activity at the time of each sampling. In those patients who presented with highly active lesions which then resolved during the course of the study without recurrences (7 toxoplasmosis and 1 pars planitis) the antibody titres reached a peak approximately 2 months after the initial visit and declined thereafter. No correlation of serum anti-S titres with clinical activity or predictable pattern of titres could be found in those patients who had recurrences during the course of the study (3 granulomatous iridocyclitis and 1 ocular sarcoidosis).
SUMMARY Twelve patients with granulomatous uveitis were followed up longitudinally for as long as 20 months after their initial visit, and multiple serum antibody titres to bovine retinal S-antigen were determined and compared with the clinical activity at the time of each sampling. In those patients who presented with highly active lesions which then resolved during the course of the study without recurrences (7 toxoplasmosis and 1 pars planitis) the antibody titres reached a peak approximately 2 months after the initial visit and declined thereafter. No correlation of serum anti-S titres with clinical activity or predictable pattern of titres could be found in those patients who had recurrences during the course of the study (3 granulomatous iridocyclitis and 1 ocular sarcoidosis).
The ability to produce experimental autoimmune uveitis (EAU) in laboratory animals through the use of specific retinal proteins has been well documented and has involved the use of S-antigen,'2 rhodopsin, and rod outer segments.4 S-antigen is a soluble retinal protein with a molecular weight of 50000 isolated from the plasma membrane of the retinal rod photoreceptor cells. Animal studies of EAU indicate that the immunopathic mechanisms are predominantly cell-mediated,5 although the presence of a positive anti-S-antigen cell-mediated response, as measured by the in-vitro lymphocyte transformation assay, is not sufficient in itself to induce disease. Evidence for an antibody-mediated effect has been found in studies of complement depletion6 and immediate hypersensitivity.7 These EAU studies have demonstrated the potential importance of retinal antigens in the immunopathogenesis of at least some types of uveitis and have led to studies of the immune responses to these antigens in patients with uveitis.
The detection of immune responses, both cellmediated and humoral, to retinal antigens in patients with uveitis has been reported,89 but, with the exception of one study,"0 previous reports have been limited to single samples without specific reference to the degree of clinical activity and therapy before, during, and after the sampling. The single longitudinal study was done on serum samples from acute toxoplasmosis patients who were followed up for several months. There was some indication that the levels of antibody to S-antigen were loosely correlated, after a brief lag period, with the corresponding clinical activity at the time of sampling.
In this report the possible role of antibody responses to S-antigen in human uveitis was studied by determining whether or not the antibody titres to S-antigen correlated longitudinally with clinical activity in patients with chronic recurrent uveitis.
Materials and methods
Twelve patients with granulomatous uveitis were followed up longitudinally, and blood samples were taken at each visit for the determination of serum antibody titres to bovine S-antigen in order to correlate the titres with the clinical activity and therapy at the time of sampling. Multiple individual titre determinations were done and the results plotted to formulate the accompanying figures. Three of the patients had long-standing chronic granulomatous uveitis of undetermined aetiology, one sarcoidosis, one pars planitis, and 7 toxoplasmosis. Each patient was examined at each visit by the same physician 681 group.bmj.com on September 29, 2016 -Published by http://bjo.bmj.com/ Downloaded from (I.W.A.) and at least one other physician who independently recorded their findings. None of the patients in this study were on systemic steroids nor had received them within a month prior to this study. The criteria for inclusion in a specific diagnostic category were as follows:
Toxoplasmosis. Focal retinochoroiditis plus vitritis compatible with the clinical picture of ocular toxoplasmosis with the characteristic evolution of the lesions and a positive toxoplasmin indirect fluorescein antibody test.
Granulomatous iridocyclitis. Presence of ray, cells, and mutton-fat keratic precipitates, but no clinically detectable posterior focal lesions, no positive specific aetiological tests such as toxoplasmin antibody titre, no evidence of systemic disease (e.g., sarcoidosis, syphilis), and a negative angiotensin converting enzyme test. Pars planitis. Cells in the retrolental space, exudate over the pars plana area, far peripheral retinal vascular inflammation, no focal posterior lesions or other positive laboratory data.
Sarcoidosis. Perivasculitis with candle-wax drippings, heavy mutton-fat keratic precipitates, preretinal nodules, broad-based peripheral anterior synechiae in the chamber angle, with hilar adenopathy diagnosed by the pulmonary service and occasionally a positive angiotensin converting enzyme.
Enzyme linked immunosorbent assays (ELISA). The serum samples, bovine S-antigen, and the ELISA technique were as previously described9 except for the following modifications. The micro-ELISA plates were coated with 100 ng of purified bovine S-antigen in 100 ,ul coating buffer per well for 1 hour at 37°. The concentration ofTween-20 in the phosphate-buffered saline (PBS)-Tween was doubled to 0 10% for all rinsing steps and in the PBS-Tween-BSA diluent. After the antigen coating step the wells were incubated with 200 ul of PBS-Tween containing 1 mg/ml BSA for 1 h at 37°C to reduce nonspecific sticking to the Immulon 1 micro-ELISA plates (Dynatech). The heat-inactivated sera from the 4 V 0~~~~~~~~~u TR 0 1 2 3 4 5 6 7 8 9 10 11 12 Monh after initial visit patients were preincubated with equal volumes of heat-inactivated bovine serum prior to dilution in PBS-Tween-BSA for the ELISA. The initial dilution (1:16) of each serum was preincubated in a well of the Immulon 1 plates for 1 h further to reduce background sticking prior to making the doubling dilutions. The titre was taken as the log2 of the dilution which gave an A405 nm of 0 5 in 1 h of substrate incubation and scaled so that a titre of 1 corresponds to a 1:32 dilution, etc.
Results
The multiple determinations of serum antibody levels to S-antigen showed significant changes in titres over the period of the study. Evidence for a consistent pattern was seen only in those patients with an acute onset followed by gradual clinical improvement without recurrences during the course of this study. These patients were in the toxoplasmosis (Fig. 1 ) and pars planitis (Fig. 2) categories. The antibody titres and clinical activity patterns of the toxoplasmosis patients were similar, enabling the results from these 7 patients to be averaged and combined in a single figure (Fig. 1) .
The patients with granulomatous iridocyclitis (Figs. 3a,b ,c) and sarcoidosis ( Fig. 4) all had previous histories of chronic, recurrent inflammation which continued during and beyond the termination of this study. Clinically significant cystoid macular oedema occurred in all the patients with granulomatous iridocyclitis. A correlation, if any, between the titres to S-antigen and clinical symptoms of these patients could not be clearly demonstrated in this sample, and no consistent pattern was found.
One clear difference between the recurrent and nonrecurrent groups was seen in the variability of the titres with time. The single-attack group showed relatively smooth increases and subsequent decreases in titres, while the titres of the recurrent-attack group were found to change unpredictably through the study. 
Discussion
In the initial longitudinal report of the serum titres to S-antigen of 5 toxoplasmosis patients a small degree of correlation was noted in the 4 treated with clindamycin or sulphadiazine, while the one untreated patient had persistently elevated titres despite the cessation of clinical activity. 10 In expanding the study to include data on other types of patients with uveitis who had recurrent attacks over a longer time period, and additional data on toxoplasmosis patients, the correlation found in the toxoplasmosis patients is not apparent in the other patients who had recurrences, but did appear in the patient with a single attack of pars planitis. In one of the granulomatous patients increases in clinical activity were followed after a lag period by increases in anti-S titres (Fig. 3C) , but in the other patients with recurrent, granulomatous iridocyclitis little or no pattern was found. Explanations for the presence or significance of antibodies to retinal antigens in patients with primarily anterior uveitis are uncertain, but it is possible that the CME often seen in chronic iridocyclitis, and present in these patients, is related to the presence of anti-S antibodies or other antiretinal autoantibodies.
In a study of the antibody responses following panretinal laser photocoagulation the titres to bovine S-antigen were found to peak 4 to 8 weeks after the initial laser treatment." These observations were consistent with the hypothesis that alterations in the immunological homoeostasis and tolerance to a highly antigenic protein (S-antigen) by disruption of retinal tissue can result in anti-S immune responses. The titres subsequently declined despite continued laser treatments, suggesting the activation of suppressor mechanisms after the initial response, inhibiting further antibody responses to subsequent laser treatments. The averaged titres of the toxoplasmosis patients displayed a similar temporal pattern. An explanation for the decrease in ELISA titres is suggested by a recent study where it was postulated that the formation of circulating immune complexes which divert antiretinal antibodies from their target or inhibit cytotoxic lymphocytes may be a regulatory response to minimise autoaggressive immunopathic processes. 1 The significance and magnitude of such responses is probably influenced by the immunogenetic makeup of the individual. It is also possible that the immune responses to retinal antigens following disruption of retinal tissue by whatever means, such as laser, infections, inflammations, etc., may often be epiphenomena not directly related to the pathological process.
The possible reasons for the lack of correlation we have found are numerous, but lack ofsuch correlation is also found in other autoimmune diseases where overall serum antibody levels to the target antigen, even in antibody-mediated disease such as myasthenia gravis,'3 do not correlate with clinical activity. One factor might be the presence of a significant time lag between the induction of antibody synthesis and when that antibody can be detected in vitro, making it difficult to correlate exacerbations with changes in systemic titres. If only one of the immunoglobulin classes or subclasses was involved in the pathogenesis of the disease, measurement of total serum anti-S would not necessarily reveal a correlation. It is also possible that only antibody directed against a specific epitope is important in the immunopathogenesisbof the disease, and measurement of that particular antibody subpopulation might better correlate with clinical observations. Striking evidence for these types of possibilities was recently reported in a study of patients with myasthenia gravis. 14 Since there appear to be multiple retinal antigens including S-antigen and rhodopsin, and choroidal and RPE antigens,'""8 some of which are known to be immunopathogenic, a combined response to 2 or more of them might be significant in the pathogenesis of uveitis. There may also be as yet uncharacterised iris and ciliary body antigens which might be involved in the various forms of uveitis. Measurement and comparison of the immune response to these multiple antigens might better reflect the inflammatory processes and clinical activities in uveitis.
